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Curved Members 


Solving next for Mq, Eq. (29.9d) gives 

(29.10) 

Examination of Eqs. (29.9b) and (29.9c) with the help of Eq. (29.10) shows that Mq 
is actually the maximum bending moment in this type of a chain link. When the two 
ends of the link have different radii, the general procedure for finding the redundant 
moments is the same, but the actual expression becomes too unwieldy for a general 
solution because in addition to the redundant moments, direct redundant forces 
are involved. Solution of the two simultaneous equations is then best obtained 
by the introduction of the actual link dimensions [159]. Whereas in the usual 
cases of curved beams and hooks the maximum stress appears always at the inner 
surface of the component, the analysis of links with even and uneven ends can also 
indicate the maximum stresses at the outer surfaces. This relation changes further 
with the change in length of the straight portion of the link. As the link becomes 
more and more like a circular ring, the stresses at the inner surfaces again become 
important. Extensive charts are available for detailed examination of the relevant 
stresses. These were originally used as a basis for developing British Standard 
Specifications [159]. If by r we denote the radius of a circular cross section and if 
R is the radius of curvature of a link with even ends, the majority oir/R ratios in 
all links in practice fall between 0.2 and 0.5. The ratios oi L/R are found to vary 
between 0 and 4. For example, many railway car coupling links are characterized 
hy L/R = 4. Note that the condition of A; = 0 corresponds to the response of a 
plane circular ring. 
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LINK REINFORCEMENT 

When the strength of a typical open link, such as that shown in Fig. 29.3, is found 
to be insufficient, the insertion of a central stud, shown by dashed lines, is known 
to increase its strength quite significantly. The structural analysis for this special 
case can be made with reference to the equilibrium diagram shown in Fig. 29.4. 
There are two redundant quantities, Mq and H, in terms of which the following 
bending moment expressions can be set up. 

WR 

M^=Mq - —s\ne + HR{l-cosd) (29.11a) 

and 

WR 

M^=Mq- — + H{R + x) (29.11b) 

The relevant boundary conditions are based on the idea that because of symmetry 
there is no change in slope between the ends of the quadrants and that there is 
virtually no deflection in the direction of H. The first of these conditions has 
already been satisfied by Eq. (29.9a). The condition of zero displacement can be 



